Calcium signaling in cell volume regulation.
It is evident from the present analysis that although a role for Ca2+ in controlling hypertonic cell volume regulation and RVI mechanisms has not been shown, Ca2+ plays a central role in activating and controlling hypotonic cell volume regulation and RVD mechanisms in most cells. However, this Ca2+ dependency is highly variable among cell types and tissues. Cells can be grouped into three general categories based on the relative dependency of RVD on Ca2+: 1) cells that are highly dependent on extracellular Ca2+ and the activation of Ca2+ influx, supposedly reflecting activation of Ca2+ channels, such as observed for the renal PST cells and osteosarcoma cells; 2) cells that are not dependent on extracellular Ca2+ and Ca2+ influx but that require at least a certain basal intracellular Ca2+ level or transient release of Ca2+ from internal stores, such as observed for the Ehrlich ascites tumor cells and medullary thick ascending limb cells; and 3) cells that display little if any Ca2+ dependency, such as the lymphocytes. There is initial evidence that this variable dependency of RVD on Ca2+ may reflect, in large part, a variable Ca2+ threshold of RVD processes, although this notion has not been fully investigated. The site and mechanism of Ca2+ dependency of RVD are poorly understood. Initial studies pointed to a possible direct control of K+ and/or Cl- channels by Ca2+ to modulate KCl efflux and, hence, RVD. This view appears to be too simplistic, however, as it is increasingly evident that the ion channels involved in RVD may not be directly Ca2+ dependent and that some other regulatory process controlling the channels, perhaps a phosphorylation step, may be the Ca(2+)-dependent event. Given the added complexity of the time-dependent variability of the action of Ca2+, i.e., the Ca2+ window, coupled with the variability of the RVD mechanisms among cell and tissue types, it is likely that the RVD mechanism is a highly complex process involving events and biochemical pathways throughout the cell rather than events simply localized to the inner face of the plasma membrane. It remains for future studies to determine the exact biochemical events that underly the RVD mechanism and its control, and the Ca2+ dependency of each step, before a full understanding will be attained of the role of Ca2+ in modulating RVD.